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INTRODUCTION

Irritable bowel syndrome (IBS) is a
chronic functional disorder of the gas-
trointestinal (GI) tract, characterized by
abdominal pain and altered bowel func-
tioning that result in physical, psycho-
logical, social, and economic detriment
to patients. IBS encompasses three sub-
types differentiated by the predominant
bowel habit: IBS with predominant di-
arrhea (IBS-D), IBS with predominant
constipation IBS-C), and IBS with mixed
bowel habits (IBS-M).

The symptoms characteristic of IBS
are typically relapsing or remitting
in nature and cannot be explained by
structural or biochemical abnormalities
in the GI tract.? IBS is the most com-
monly diagnosed GI disorder, with an
estimated prevalence rate of 7% in North
America.® It is more common in females
and in lower socioeconomic groups.® The
diagnosis declines with age (with most
affected individuals younger than age
50), and it is symptom-based. A defini-
tive diagnosis is often difficult, because
symptoms supporting the diagnosis of
IBS are nonspecific (e.g., abdominal pain;
bloating; or abnormal stool frequency,
form, or passage).

Several diagnostic tools for IBS have
been developed (e.g., the Rome criteria
and the Manning criteria). The American
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College of Gastroenterology has also
created a simplified algorithm for clinical
use that defines IBS as abdominal pain
accompanied by altered bowel habits
persisting for at least 3 months.?

In patients with chronic idiopathic con-
stipation (CIC), abdominal pain is mini-
mal.* Although many patients with CIC
experience some degree of abdominal
pain or discomfort, pain is a secondary
concern. The estimated prevalence of
CIC in North America is 14%, with higher
rates in women and the elderly.

Treatment options for IBS-C and CIC
are limited. Nonpharmacological meas-
ures (i.e., diet and lifestyle modifications)
are recommended, and over-the-counter
drugs are used, but they are not approved
by the FDA for this indication. Bulk-form-
ing, osmotic, and stimulant laxatives, for
example, may alleviate constipation, but
they do not treat abdominal pain or dis-
comfort. Furthermore, their effective-
ness in the management of IBS-C and
CIC has not been established.?

Three medications, one of which was
removed from the market, are approved
by the FDA for treating IBS-C and CIC.

Lubiprostone (Amitiza, Takeda), a pros-
taglandin analogue and a locally acting
selective CIC-2 chloride channel activator,
was approved in 2008 for the treatment of
IBS-C in women 18 years of age and older
and for the treatment of CIC in adults.5’
Adverse effects associated with lubipro-
stone include dose-related nausea and
dyspnea with chest tightness.5-1

Tegaserod (Zelnorm, Novartis), a se-
rotonin-4 agonist, was approved in 2002
for the short-term treatment of IBS-C in
women and in 2004 for the treatment of
CIC in adults 65 years of age or younger.!!
In early 2007, the FDA restricted the use
of tegaserod under an Investigational
New Drug protocol because of postmar-
keting reports of serious cardiovascular
adverse effects. The manufacturer has
subsequently limited the use of tegaserod
in emergency situations only.>4

In August 2012, linaclotide (Linzess,
Ironwood/Forest) was approved for
the treatment of IBS-C and CIC in
adults. This represents the second FDA-
approved pharmacological treatment
option on the market for these chronic
GI tract disorders.?

MECHANISM OF ACTION

Linaclotide is a first-in-class, 14-amino
acid peptide of the guanylin peptide fam-
ily and acts as a selective agonist at the
guanylate cyclase-C (GC-C) receptor on
the luminal surface of intestinal entero-
cytes. The endogenous ligands of GC-C
(guanylin peptide hormones guanylin
and uroguanylin) bind to the receptor to
promote intestinal secretions in response
to a meal. Activation of GC-C by guanylin
peptides, including linaclotide, results in
increased levels of cyclic guanosine mono-
phosphate (cGMP), a second messenger
that plays a critical role in the regulation
and secretion of intestinal fluid.'6-"

Elevation of intracellular cGMP
triggers the activation of cGMP protein
kinase and subsequent phosphorylation
of downstream targets, including the
cystic fibrosis transmembrane con-
ductance regulator (CFTR) ion channel.
Activation of the CFTR channel results
in increased secretion of chloride and
bicarbonate ions into the intestinal lumen,
culminating in increased intestinal fluid
secretion and accelerated GI transit.

In rodent models of visceral hyper-
sensitivity, linaclotide reduced intestinal
pain, probably a result of a desensitiza-
tion of afferent pain fibers mediated by
activation of GC-C.?*?'Therefore, GC-C
is emerging as a therapeutic target for the
treatment of IBS-C and CIC as a result
of its dual role in accelerating GI transit
and decreasing abdominal pain.

PHARMACOKINETICS
AND PHARMACODYNAMICS

Linaclotide elicits its pharmacological
effects locally in the GI tract with mini-



mal systemic absorption following oral
administration. It is resistant to degrada-
tion by stomach acid and trypsin, pepsin,
aminopeptidase, and chymotrypsin; how-
ever, it produces a single 13-amino acid
degradation product when exposed to
carboxypeptidase.? Both linaclotide and
its metabolite are activated by oxidation
in the GI tract. In the intestinal lumen,
linaclotide is deactivated by reduction
of its disulfide bonds and is further de-
graded into smaller peptides and amino
acids; 3% to 5% of the intact active drug
or metabolite is excreted in the feces.?%

In studies of rodents, the oral bioavail-
ability of linaclotide and its metabolite was
0.1% or less following a single 10-mg/kg
dose,'®?2and the parent drug was com-
pletely degraded to its metabolite within
30 minutes with a first-order half-life of
only 3 minutes.?

Three phase 1 clinical trials and a
random sampling in four phase 3 trials
confirmed minimal systemic exposure to
linaclotide in humans; plasma concentra-
tions were less than 1 ng/mL and were
often below measurable levels.?? Pharma-
cokinetic parameters of oral linaclotide,
including area-under-the-curve (AUC)
concentrations, maximum concentrations
(Ci), and elimination half-life, cannot be
calculated because of the lack of systemic
absorption of the drug and its metabo-
lite.?! GI transit times in rodents suggest
that pharmacologically active concentra-
tions of linaclotide are present in the co-
lon 1 hour following oral administration.?

Both linaclotide and its active metabo-
lite bind to GC-C with similar affinities in
a pH-independent manner and result in
dose-dependent increases in intracellular
cGMP production, as shown by in vitro
and iz vivo rodent studies. The concen-
tration of linaclotide required to produce
50% of maximal activity (ECs) is eight-fold
to ten-fold greater than that of guanylin
or uroguanylin at pH 7.'® Increases in
intracellular cGMP and the accompany-
ing increases in intestinal fluid secretion
are more pronounced in the duodenum
and jejunum than in the ileum. The result-
ing increases in intestinal transit speed
were shown to be dose-dependent in both
male and female rodent models.?

In clinical trials of linaclotide, dose-
dependent improvements in stool fre-
quency were noted.??*% Improved stool
consistency was also observed, as meas-
ured by the Bristol Stool Form Scale

(BSFS), a 7-point scale ranging from 1
(separate hard, difficult-to-pass lumps)
to 7 (liquid stools). A score of less than
3 is considered constipation.* Allevia-
tion of abdominal pain and discomfort
was demonstrated in rodent models and
confirmed in clinical trials.?*"-%

Renal or hepatic impairment is thought
to be irrelevant in the metabolism of
linaclotide because of the drug’s lack of
systemic absorption.?! Food effects were
studied in a phase 1 crossover study in
fasted or fed subjects who received lina-
clotide 290 mcg daily for 7 days. Lina-
clotide was not systemically absorbed
regardless of food intake.?? Subjects who
were given a single dose of 2,897 mcg
(10 times the therapeutic dose) also had
no measurable linaclotide plasma levels,
except for two of the nine fasted subjects
(Cpa 0.735 ng/mL and 0.212 ng/ml).?
Compared with the fasted state, the ad-
ministration of linaclotide immediately
following a high-fat breakfast resulted
in looser stools and a higher stool fre-
quency.?! In all clinical trials, linaclotide
was given 30 minutes before breakfast.? 2

PIVOTAL CLINICAL TRIALS

In 2010, the FDA recommended that
all drugs being considered for approval in
IBS meet a symptoms-based co-primary
endpoint that includes both improved ab-
dominal pain intensity (a reduction of 30%
or more from baseline in average daily
worst pain score) and stool frequency
(an increase of one or more complete
spontaneous bowel movements [CSBMs]
per week from baseline) for at least half
of the study’s duration.*

The approval of linaclotide was
based on two phase 3 trials of IBS-C
that included the FDA-recommended
dual primary endpoint and two phase 3
trials of CIC that measured a primary
endpoint that the FDA considered to
be rigorous.’! Patients were eligible for
enrollment in phase 3 trials if they met the
criteria presented in Table 1. Inclusion
criteria for IBS-C studies were based
on the modified Rome II criteria, which
have since been updated to Rome III;
however, Rome Il was used in preliminary
studies of linaclotide and was continued
throughout the trials for consistency.

Irritable Bowel Syndrome
With Constipation

Study designs, endpoints, and patient
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demographics were similar in the two
phase 3 trials.?”*® Most patients in both tri-
als were female (90%-91%) and Caucasian
(77%-78%). The active-treatment period
of each trial was preceded by a 2-week
screening phase in which baseline bowel
symptoms were recorded.

Most patients (87%—88%) reported
baseline daily abdominal pain (mean
scores, 5.6-5.7 and 5.5-5.6 for linaclotide
and placebo, respectively). An 11-point
scale ranging from 0 to 10 (0 = no pain,
10 = severe pain) was used. Seventy-six
percent of patients reported an absence
of CSBMs, defined as spontaneous bowel
movements accompanied by a feeling of
complete evacuation, at baseline, with a
mean of 0.2 CSBMs/week for each group
in both studies.

Patients were permitted to continue
any stable baseline regimens of fiber,
stool softeners, bulk laxatives, or probi-
otics throughout the trials. The primary
efficacy endpoints were designed to meet
the FDA recommendations for IBS drug
approval (i.e., an improvement of 30%
or more in daily worst abdominal pain
scores and an increase of one or more
CSBMs/week from baseline for at least
6 of the 12 weeks of treatment).

A more rigorous primary endpoint was
established that required patients to meet
the following criteria for 9 of 12 weeks:
an improvement of 30% or greater in daily
worst abdominal pain scores and three or
more CSBMs/week with an increase of
one or more CSBMs/week from base-
line. Secondary endpoints included the
following:?"

e abdominal pain, bloating, and dis-
comfort, as measured by 11-point
numerical scales

e severity of straining and constipa-
tion, as assessed by 5-point ordinal
scales

e weekly stool frequency, as measured
by CSBMs

e spontaneous bowel movements
(SBMs), defined as occurring with-
out use of laxatives, enemas, or sup-
positories within the preceding 24
hours

e stool consistency, as measured by
BSFS scores

Key efficacy findings of the two phase
3 clinical trials in IBS-C are presented
in Table 2.
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Phase 3, Study 1

In a double-blind, randomized, place-
bo-controlled trial, patients with IBS-C
(n = 804) received linaclotide 290 mcg
or placebo daily for 26 weeks. Change-
from-baseline endpoints were analyzed
over the first 12 weeks and for the entire
26-week trial.

Over the initial 12-week period, both
components of the FDA co-primary end-
point were achieved by 33.7% of patients
receiving linaclotide compared with 13.9%
of patients receiving placebo (P<0.0001).
The number of patients needed to treat
(NNT) was 5.1, and the 95% confidence
interval (CI) was 3.9to 7.1.

The pain-response component of the
FDA endpoint was met by 48.9% of the
linaclotide patients and by 34.5% of the
placebo patients (P < 0.0001; NNT, 7.0;
95% CI, 4.7-13.1), whereas the stool fre-
quency component was met by 47.6% of
patients receiving linaclotide and by 22.6%
of patients receiving placebo (P<0.0001;
NNT, 4.0; 95% CI, 3.2-5.4).

The more rigorous primary endpoint
(an improvement of 30% or more in daily
worst abdominal pain scores and three or
more CSBMs/week with an increase of
one or more CSBMs/week from baseline
for 9 of 12 weeks) was achieved in 12.7% of
linaclotide patients and in 3.0% of placebo
patients (P < 0.0001; NNT;, 10.3; 95% CI,
7.5-16.4). Positive outcomes were also
demonstrated in the linaclotide group
over a period of 26 weeks; the FDA’s
co-primary endpoint was achieved by
32.4% of patients receiving linaclotide and
by 13.2% of patients receiving placebo
(P<0.0001) for at least 13 of the 26 weeks
(NNT, 5.2; 95% CI, 4.0-7.3).

Table 1 Criteria for Enroliment in Phase 3 Clinical Trials of Linaclotide

Irritable bowel
syndrome with
constipation

Abdominal pain or discomfort for at least 12 weeks in the 12 months prior
to study enrollment that was characterized by at least two of the following:

« relief upon defecation

» onset associated with a change in frequency of stool

- onset associated with a change in form of stool

and

At least one of the following symptoms during more than 25% of bowel
movements:

« straining

« lumpy or hard stools

- sensation of incomplete evacuation

Additional criteria that had to be met during the 2-week screening phase:
- an average score above 3 for worst daily abdominal pain (on a scale
of 0 t0 10)
- an average of five or fewer SBMs/week
- an average of fewer than three CSBMs/week

Chronic idiopathic
constipation

An average of fewer than three SBMs/week
and
At least one of the following symptoms during more than 25% of bowel
movements:
« straining
« lumpy or hard stools
- sensation of incomplete evacuation

Additional criteria that had to be met during the 2-week screening phase:
« an average of six or fewer SBMs/week
- an average of fewer than three CSBMs/week

SBMs = spontaneous bowel movements; CSBMs = complete SBMs.

In all secondary endpoints at weeks 12
and 26, linaclotide demonstrated small
but statistically significant improvements.
Patients reported less abdominal pain,
discomfort, and bloating with reductions
of approximately 1.9 and 2.1 points (on an
11-point scale) from baseline at weeks 12
and 26, respectively, compared with re-

ductions of 1.1 and 1.2 points with placebo
(P<0.001 vs. placebo for each measure).

Severity of straining and of constipa-
tion was also reduced with linaclotide at
weeks 12 and 26 by a mean of approxi-
mately 1.2 points (on a 5-point scale)
compared with 0.7 points with placebo
(P<0.0001). Linaclotide-treated patients

Table 2 Key 12-Week Efficacy Results in Phase 3 Clinical Trials of Linaclotide 290 mcg in Irritable Bowel Syndrome

With Constipation
Stool Frequency
Pain Component of FDA Component of FDA
FDA Co-primary Endpoint* Co-primary Endpoint Co-primary Endpoint Other Primary Endpoint

Trial (n) LIN PBO NNT LIN PBO NNT LIN PBO NNT LIN PBO NNT
;hf’égz)a; 337% | 13.9% | 51| 489% | 345% | 70 | 476% | 226% | 40 | 127% | 30% | 103
Rao et al. o o o o o o o o

(n = 8007 33.6% 21% 8.0 50.1% 37.5% 79 | 48.6% | 29.6% 53 12.1% 51% 14.2

LIN =linaclotide 290 mcg; NNT = number needed to treat; PBO = placebo.

*Improvement in both pain (a reduction of 30% or more from baseline in average daily worst pain score) and stool frequency (an increase of one or more complete
spontaneous bowel movements/week from baseline) for 6 of 12 weeks.

1A 30% reduction or more from baseline in average daily worst pain score, three or more complete spontaneous bowel movements/week, and an increase of one
or more complete spontaneous bowel movements/week from baseline for 9 of 12 weeks.
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reported a mean increase from baseline
of 2.2 CSBMs/week at weeks 12 and 26,
compared with 0.7 CSBMs/week for pla-
cebo patients (P<0.0001); 28.9% of treated
patients had a CSBM within 24 hours of
the first dose, compared with 8.4% receiv-
ing placebo (P < 0.0001).

Despite these statistically significant
increases in mean CSBMs, baseline
values were low (about 0.2 per week),
and the mean CSBM rate following lina-
clotide treatment continued to meet the
entry criteria for constipation (fewer
than three CSBMs/week). Stool con-
sistency, as assessed by BSFS scores,
was also improved at weeks 12 and 26
with linaclotide compared with placebo.
The change from baseline was 1.9 and
0.6 points, respectively, at both weeks
12 and 26 (P < 0.0001). This change in
BSFS score represents an improvement
from a score of 2 (constipation; sausage-
shaped but lumpy stools) at baseline in
each group to a score of 4 (smooth and
soft) with linaclotide, and a score of 3
(cracked surface) with placebo.?

Treatment-related adverse effects were
generally mild to moderate in severity;
diarrhea was the only adverse effect that
occurred at a significantly greater inci-
dence with linaclotide than with placebo
(19.7% vs. 2.5%, respectively; P < 0.0001).
Diarrhea occurred most often within the
first 4 weeks of linaclotide therapy and
was categorized as severe by 2.0% of lina-
clotide patients.

Discontinuation rates were 10.2% and
2.5% for linaclotide and placebo, respec-
tively. No clinically significant changes in
vital signs were noted. For five patients
receiving linaclotide, serum bicarbonate
levels were below the lower limit of nor-
mal; one of these patients had reported
diarrhea as an adverse effect.?”

Phase 3, Study 2

The second randomized phase 3 trial
of IBS-C included a 12-week active-
treatment period, followed by a 4-week
withdrawal period in which the effects
of linaclotide discontinuation were meas-
ured. Patients with IBS-C (n = 800) re-
ceived either linaclotide 290 mcg once
daily or placebo for 12 weeks. After com-
pleting the double-blind treatment period,
members of the initial linaclotide group
were re-randomized to receive either lina-
clotide 290 mcg or placebo. Patients in
the initial placebo group were assigned to

linaclotide during the withdrawal phase.
A total of 647 patients (81%) in the 12-
week treatment phase entered the 4-week
withdrawal phase.

Compared with placebo, linaclotide
demonstrated statistically significant
improvements in all primary and sec-
ondary efficacy endpoints. Over the
12-week treatment period, 33.6% of lina-
clotide patients met both components of
the FDA endpoint compared with 21% of
placebo patients (P < 0.0001; NNT, 8.0;
95% CI, 5.4-15.5).

The pain-response component was
achieved by 50.1% of patients receiving
linaclotide and by 37.5% receiving placebo
(P=0.0003; NNT, 7.9; 95% CI, 5.1-17.1).
Improvements in pain were noted dur-
ing the first week of therapy. Maximum
improvements were achieved after 6 to
8 weeks and were sustained throughout
the treatment period.

The stool-frequency component of the
FDA endpoint was met by 48.6% of the
linaclotide group and by 29.6% of placebo
patients (P < 0.0001; NNT, 5.3; 95% CI,
3.9-8.1). Linaclotide was also superior
to placebo in the percentage of patients
who met the more rigorous primary end-
point, which required even more CSBM
responses for 9 of 12 weeks (linaclotide,
12.1%; placebo, 5.1%) (P = 0.0004; NNT,
14.2; 95% CI, 9.2-31.3).

Small but statistically significant
improvements in abdominal pain, dis-
comfort, and bloating were noted in the
linaclotide-treated patients, with a mean
change from baseline of approximately -2
points (on an 11-point scale), compared
with —1.1 with placebo (P< 0.001 for each
measure). Severity of straining was also
reduced with linaclotide (change from
baseline, —1.3 points on a 5-point scale
vs. —0.7 with placebo; P < 0.0001), as was
severity of constipation (change from
baseline, —1.2 points on a 5-point scale
vs. —0.6 with placebo; P < 0.0001).

Patients receiving linaclotide report-
ed a mean increase from baseline of 2.3
CSBMs/week, compared with 0.7
CSBMs/week for placebo (P < 0.0001);
32.3% of patients experienced a CSBM
within 24 hours of the first dose, com-
pared with 13.2% of placebo patients
(P < 0.0001). Increases in CSBMs dif-
fered significantly between linaclotide
and placebo; however, as was also seen in
the first phase 3 trial,?” linaclotide did not
resultin increased CSBM rates to exceed
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the Rome II criteria cutoff for constipation
(fewer than three CSBMs/week).

Improvements in stool consistency, as
measured by BSFS scores, were also sig-
nificantly greater for linaclotide than for
placebo. Scores at baseline were 2.3 and
2.4, respectively; scores after 12 weeks of
treatment were 4.5 and 3.1, respectively
(P<0.0001).28

In response to linaclotide withdrawal,
abdominal pain recurred and CSBMs
decreased to levels similar to those ob-
served in the placebo group in the initial
12-week treatment period. In contrast,
patients in the initial linaclotide group
who continued to receive active treat-
ment throughout the 4-week withdrawal
phase exhibited statistically significant
sustained improvements, compared with
placebo, in weeks 13 to 16 for stool fre-
quency (P<0.001) and in weeks 14 to 16
for abdominal pain (P < 0.05).

Patients initially receiving placebo who
were assigned to linaclotide during the
4-week withdrawal phase experienced
reductions in pain and stool frequency,
similar to those reductions observed with
linaclotide patients during the 12-week
treatment phase. No evidence of rebound
(i.e., worsening of IBS-C symptoms after
stopping linaclotide) was apparent.?

Treatment-emergent adverse events
were mild or moderate in severity, with
linaclotide patients reporting significantly
higher rates of diarrhea (P < 0.0001),
flatulence (P = 0.0084), and abdominal
pain (P=0.0462) compared with placebo
patients. Reports of diarrhea, experienced
by 19.5% of linaclotide-treated patents and
by 3.5% of placebo-treated patients, were
not accompanied by clinically significant
sequelae.

Decreases in serum bicarbonate to
below the lower limit of normal were re-
ported in seven patients receiving lina-
clotide and in one patient receiving pla-
cebo, but none of these patients reported
diarrhea. Treatment was discontinued by
7.9% of linaclotide patients and by 2.8%
of placebo patients because of adverse
events, mainly diarrhea.”

Chronic Idiopathic Constipation

Trials 303 and 01

The FDA’s approval of linaclotide for
the treatment of CIC was based on data
from two randomized, double-blind,
placebo-controlled, 12-week phase 3
trials (303 and 01), which investigated

Vol. 38 No.3 - March 2013 - P&Te 157



Druc Forecast

the efficacy and safety of 145-mcg and
290-mcg doses (n = 1,272). These trials
(Nos. NCT00765882 and NCT00730015)
were similar in their study design and
endpoints, and patient demographics
were comparable.

Trial 303 also included a 4-week with-
drawal phase in which linaclotide patients
who completed the 12-week treatment
phase were re-randomized to either pla-
cebo or linaclotide. All patients receiving
placebo during the treatment phase were
assigned to receive linaclotide 290 mcg
during the withdrawal phase.

The primary endpoint of each trial was
the proportion of patients who achieved
three or more CSBMs/week and an
increase in one or more CSBMs/week
above baseline for at least 9 of 12 weeks.
Secondary endpoints included:

e stool frequency, as measured by
weekly CSBM and SBM rates

e stool consistency, as assessed by
BSFS scores

e severity of straining, abdominal
discomfort, bloating, and constipa-
tion, as measured by 5-point ordinal
scales

Most patients in both trials were wom-
en (87%-92%) and Caucasian (73%-79%).
Key efficacy findings of the two phase
3 clinical trials in CIC are presented in
Table 3.

In both trials, significantly more patients
receiving linaclotide achieved the primary
endpoint compared with those receiving
placebo. The primary endpoint was met by
21.2% and 16.0% of patients in the 145-mcg
groups and by 19.4% and 21.3% of patients
in the 290-mcg groups, compared with
3.3% and 6.0% of patients in the placebo
groups (P<0.01 for each linaclotide dose
vs. placebo for each trial). However, dif-
ferences in response rates between the
two linaclotide doses were not significant
(P=0.63, Trial 303; P=0.19, Trial 01). This
apparent lack of a dose-response effect led
to the FDA’s approval of the 145-mcg dose
for patients with CIC.?

Increases in weekly CSBM rates in
linaclotide-treated patients were evident
at week 1 and were sustained throughout
the 12-week trials. In both trials,
linaclotide-treated patients reported
a mean increase from baseline of 2.0
CSBMs/week with 145 mcg and 2.0 to
2.7 CSBMs with 290 mcg, compared with
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0.5 CSBMs with placebo (P < 0.001).

From 28.2 to 33.2% of patients receiving
145 mcg and from 26.9 to 29.7% of
patients receiving 290 mcg experienced
a CSBM within 24 hours of the first dose,
compared with 11.0% to 13.5% of those
receiving placebo (P < 0.001). Similar to
results seen in the IBS-C trials, after 12
weeks of therapy, the linaclotide patients
(with a mean baseline CSBM/week of
0.3) experienced statistically significant
increases in CSBM rates but continued
to have a mean of fewer than three
CSBMs/week, thus meeting the criteria
for constipation.

During the 4-week withdrawal phase
in Trial 303, patients who stayed with
linaclotide therapy sustained improved
CSBM rates, whereas patients who ini-
tially received placebo and then were
switched to linaclotide 290 mcg reported
increases in CSBM rates similar to those
seen in the 12-week treatment phase. In
patients who were switched from lina-
clotide to placebo, CSBM rates declined
to rates similar to those for placebo dur-
ing the 12-week treatment phase, but
there was no apparent evidence of re-
bound (i.e., worsening of CIC symptoms
after discontinuation of linaclotide).?

Compared with placebo, linaclotide
also resulted in statistically significant
improvements from baseline in all sec-
ondary efficacy measures in patients with
CIC. Stool consistency, as measured by
BSEFS scores, improved from approxi-
mately 2 at baseline (hard or lumpy
stools) to approximately 4 after treatment
(softer stools), compared with a score of
3 for placebo (P < 0.001).

Changes from baseline scores in ab-
dominal discomfort (range of means for
linaclotide, -0.5 to 0.4 vs. -0.3 in placebo
groups), straining severity (1.1 to —1.2

vs. =0.5), bloating (0.4 to -0.5 vs. -0.2),
and constipation severity (0.81 to —0.95
vs. =0.27 to —=0.31) were all statistically
significant when compared with placebo
(P<0.05).2 However, the small improve-
ments in these ordinal scale measure-
ments (on a 5-point scale) make it difficult
to assess clinical meaningfulness.

Diarrhea was the most frequently
reported adverse event, affecting 16.0%
of patients treated with 145 mcg, 14.2%
of those who received 290 mcg, and 4.7%
of those receiving placebo. The first
incidence of diarrhea was reported most
often during the first 2 weeks of therapy.
Severe diarrhea affected 1.5% of patients
who received linaclotide, compared with
0.2% of patients who received placebo.

Discontinuation rates, which were
most commonly attributed to diarrhea,
were 7.9% with linaclotide 145 mcg, 7.3%
with 290 mcg, and 4.2% with placebo. No
clinically significant differences in labo-
ratory values or vital signs were noted
between the linaclotide and placebo
groups.?

SAFETY

As expected, because of linaclotide’s
mechanism of action as a secretagogue,
diarrhea is the most frequently reported
adverse event associated with the drug.
Rates of diarrhea in the four phase 3
clinical trials were 16.0% with 145 mcg in
patients with CIC and 14.2% to 19.7% with
290 mcg in patients with CIC or IBS-C.
Severe diarrhea occurred in 0% to 2% of
patients receiving linaclotide. Diarrhea
was not associated with clinically relevant
sequelae.

Most patients reported the first
episode of diarrhea within the first 2 to
4 weeks of treatment.?* Other adverse
events occurring more frequently with

Table 3 Key Efficacy Results in Phase 3 Clinical Trials of Linaclotide 145 mcg

and 290 mcg in Chronic Idiopathic Constipation

Primary Endpoint* NNT
Trial (n) LIN 145 mcg | LIN 290 mcg PBO | LIN 145 mcg | LIN 290 mcg
Trial 303 (n = 642) 21.2% 19.4%° 3.3% 5.6 6.2
Trial 01 (n =630) 16.0% 21.3%" 6.0% 104 6.6

2P =0.63 for linaclotide 145 mcg vs. 290 mcg.
°P =0.19 for linaclotide 145 mcg vs. 290 mcg.

LIN = linaclotide; NNT = number needed to treat; PBO = placebo.

*Proportion of patients with both three or more complete spontaneous bowel movements (CSBMs)/week
and an increase of one or more CSBMs/week from baseline for 9 of 12 weeks.

Data from Lembo AJ, et al. N Engl J Med 2011;365(6):527-536.




linaclotide than with placebo were
abdominal pain (7% vs. 5%), flatulence
(4% vs. 2%), headache (4% vs. 3%), viral
gastroenteritis (3% vs. 1%), and abdominal
distention (2% vs. 1%).2!

Infrequent adverse events suggestive
of hypersensitivity to linaclotide were
observed in clinical trials, leading the FDA
to suspect potential production of auto-
antibodies against the peptide and to order
postmarketing studies of immunogenicity
of linaclotide.®

A boxed warning for linaclotide is
included for use in pediatric patients 6 to 17
years of age because of deaths associated
with single adult doses in juvenile mice.
Linaclotide is contraindicated in patients
6 years of age and younger and in patients
with mechanical obstruction of the GI
tract.#

Linaclotide is a Pregnancy Category C
drug. Animal studies showed fetal toxicity
only at doses that were toxic to the mother,
but trials in pregnant women have not been
conducted. Linaclotide is not expected to
enter breast milk because of its minimal
systemic absorption, although the safety
of linaclotide in breast-feeding mothers has
not been evaluated in clinical trials. As a
condition of approval, the FDA required
postmarketing studies in this area.®

DOSAGE AND ADMINISTRATION
The approved dose of linaclotide is one
290-mcg capsule once daily in adults with
IBS-C and one 145-mcg capsule once dai-
ly in adults with CIC. Linaclotide should
be taken in the morning 30 minutes be-
fore breakfast. Although linaclotide has
not been studied in patients with renal or
hepatic renal impairment, these condi-
tions are unlikely to affect the metabo-
lism or clearance of the parent drug or
metabolite because of the low systemic
availability following oral administration.
No dosage adjustments are needed.?!
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CONSIDERATIONS

The approval of linaclotide for the treat-
ment of IBS-C and CIC marks the entry
of another drug into the market for which
only one other prescription drug therapy
currently exists: Takeda’s lubiprostone
(Amitiza). Compared with the twice-daily
regimen of lubiprostone, linaclotide of-
fers the convenience of once-daily dos-
ing; it is also the only agent approved
for the treatment of IBS—C in both men

and women 18 years of age and older.
Lubiprostone, however, is approved for
IBS-C only for women 18 years of age
and older. Both drugs have minimal
systemic absorption and minimal drug-
drug interactions.

Dosage adjustments are initially re-
quired for lubiprostone in patients with
severe hepatic impairment. No dosage
adjustments are needed for linaclotide
patients with renal or hepatic impairment.

Although diarrhea was reported in clin-
ical trials with both linaclotide (in 14%-20%
of patients) and lubiprostone (in 12%), lu-
biprostone has also been associated with
dyspnea, chest discomfort, and edema.
Nausea is also frequent with lubiprostone,
occurring in 8% and 29% of patients receiv-
ing 8 mcg (for IBS-C) and 24 mcg (for
CIC) twice daily, respectively, but these
events are rare with linaclotide.5"?!

The long-term safety and efficacy
of linaclotide have not been evaluated
beyond 26 weeks, and comparative ef-
fectiveness studies have not been con-
ducted to directly compare it with lubi-
prostone. Postmarketing surveillance
studies will be beneficial in uncovering
any rare adverse events associated with
linaclotide.

COST

Linaclotide is available as 145-mcg and
290-mcg capsules. The average wholesale
price (AWP) is $255 for 30 capsules.®
This pricing is comparable to that of lubi-
prostone (AWP, $296 for a 1-month supply
of 8mcg or 24-mcg capsules).*The cost
of both agents may limit their formulary
availability to patients who are not suc-
cessfully treated by nonpharmacological
measures and over-the-counter agents.

CONCLUSION

Linaclotide is an efficacious, well-toler-
ated treatment option for adults with irri-
table bowel syndrome with constipation
(IBS-C) and chronic idiopathic consti-
pation (CIC). This medication improves
both bowel symptoms and abdominal
pain and discomfort. Both phase 3 clini-
cal trials of linaclotide 290 mcg in IBS-C
met the FDA-mandated co-primary IBS
response endpoint in approximately one-
third of patients, with the number needed
to treat (NNT) ranging from five to eight
patients.

In patients with CIC, both phase 3 trials
of linaclotide 145 mcg and 290 mcg met
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the primary endpoint in approximately
20% of patients, with the NNT ranging
from six to 10 patients. Although the sec-
ondary endpoint of stool frequency (the
rate of weekly CSBMs) was statistically
significant in all phase 3 trials in IBS-C
and CIC, the mean stool frequency after
linaclotide treatment continued to meet
the criteria for constipation (fewer than
three CSBMs/week). However, the in-
crease in frequency of CSBMs was con-
sidered clinically meaningful to patients,
as they reported significant reductions in
their perceived severity of constipation
and relief of multiple symptoms, includ-
ing abdominal discomfort and bloating.
Before the approval of linaclotide,
patients with IBS—-C and CIC had only
one FDA-approved treatment option,
lubiprostone (Amitiza). The approval of
linaclotide marks an important expansion
in the therapeutic options for IBS-C and
CIC, especially for patients who have not
tolerated or responded to lubiprostone.
Further studies investigating long-term
effectiveness and safety of linaclotide in
larger populations are needed. Despite
the cost of linaclotide, its efficacy and
safety, in conjunction with the dearth
of other treatments for IBS-C and CIC,
make it an important emerging therapeu-
tic option for patients with IBS-C or CIC.
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